here are mainly relativistic electrons and bremsstrahlung X rays. Each of these sources is found to dominate ionization in a separate altitude region, with the electrons usually controlling ionization in the upper heights above 55-60 km and the X rays below to about 40 km, where cosmic rays take over. The relativistic electron ionizing radiation source has not usually been considered in modeling studies for the ion chemistry of the lower mesosphere (55-70 km), yet this radiation is capable of increasing ion concentration and electrical conductivity in excess of a factor of 10. Moreover, the persistence of relativistic electrons as an important source in all events studied here strongly suggests that this deficiency be corrected.
INTRODUCTION
Recent interest in high-latitude energetic particles and their effect on the middle atmosphere has centered on the sensitivity of ozone to such radiations. This has largely been stimulated by the findings of Heath et al. [1977] , who measured an ozone depletion in the stratosphere during the great solar proton event (SPE) of August 1972 using the backscatter ultraviolet (BUV) instrument on Nimbus 4. Earlier, Weeks et al. [1972] suggested such an effect from rocket data, but the satellite data were essential to demonstrate the global magnitude, extent, and temporal response of atmospheric ozone to the solar protons. Thorne [1977 Thorne [ , 1980 has suggested that relativistic electron precipitation (REP) events, although weaker than SPE's in terms of atmospheric penetration and energy flux, could significantly contribute to ozone modification because of their higher frequency of occurrence. Thorne Furthermore, for all launches conducted at Poker Flat Research Range, Alaska, the nearby Chatanika Radar Observatory (CRO) provided coordinated data to help predict and then define the conditions for each launch. Figure 5 [after Goldberg, 1979] shows an example of the CRO measured electron density profiles for the two launches during Aurorozone I. For the MAE I launches in AndCya, real time confirmation of the areal extent for the event in progress was made with the partial reflection experiment in Troms½. From these and other data not shown, the following conditions were in effect for the measurements discussed in this work. For Aurorozone I, NASA 18.178 was launched into a modest auroral breakup which was most intense above the launch site. NASA 18.179 made measurements during the similar period for an event of much greater extent to the north, and with significantly higher riometer absorption at both College and Fort Yukon. Both of these events are discussed in detail in the work of Barcus et al. [1981] . During Aurorozone II, NASA 15.169 was launched into a breakup exhibiting the highest riometer absorption of any event measured in this work. A description of this event was also made simultaneously with a high-altitude overhead flight (NASA 18.215) using a scanning X ray detector to build up images of the auroral structure [Goldberg et al., 1982] . NASA 15.168 was launched 2 nights later during weak ionospheric absorption but at a time when CRO was indicating higher than normal fluxes of energetic electrons. A third rocket, NASA 15.165, was launched into relatively quiet conditions to obtain baseline data for comparison with the active periods. MAE I was conducted in AndCya, Norway. For this program, rocket pair sequences were launched during both quiet and disturbed conditions. NASA 30.010 and 33.015 were launched 1 min apart to gain simultaneous data during the recovery phase of a sustained but weak absorption event. NASA 33.017 was launched 11 nights later during an extended period of pulsating aurora. Finally, two near-simultaneous flights, NASA 33.016 and 30.011, were launched during a quiet night to once again make baseline measurements and for electrodynamic studies of the middle atmosphere reserved for discussion elsewhere. Because AndCya is situated at a somewhat greater magnetic latitude than Poker Flat within the auroral oval, we anticipated and were able to verify (see discussion later in this work) that the characteristic energetic electron and X ray fluxes would contain softer spectra than those observed at Poker Flat. This combined with observed weaker intensities accounts for the typically lower riometer absorption seen as a general characteristic of the events we studied in AndCya. For MAE II we returned to the more energetic environment of Poker Flat, since our prime interest related to the impact of the measured radiation on middle atmospheric electrical structure. Both launches here (NASA 31.024 and 31.025) were made into postbreakup conditions during which diffuse aurorae covered nearly the entire visible sky. For 31.025 the aurorae were imbedded with pulsations which included some of about 2-min duration, permitting our study of energy enhancements induced by temporal variations. During the flight of 31.024, no pulsations were observed, and the riometer records exhibited weak absorption (0.7 dB; see Figure 4b ). Moreover, the measured energy distribution was found to be dominated by relativistic electrons in a manner resembling the much stronger event during Aurorozone II (15.168).
Instrumentation
All payloads fit into a category called the XRG grouping [Goldberg, 1979] > 80 keV. For the high-flier X ray detectors the first three channels were electronically sorted in a differential instead of an integral mode. All the X ray detectors were also sensitive to energetic charged particles which can penetrate the Be entrance window. For electrons the threshold energy is approximately ,150 keV. Both the zenith-viewing X ray detectors on the XRG payloads and the 45 ø (relative to spin axis) detectors on the high fliers were wide angle. For the high-flier detectors, no account was made for the somewhat greater geometric factor for highenergy (> 40 keV) X rays, which were not completely shielded by the detector collimator or the 6.35-mm-thick aluminum payload skin. The normal data acquisition period for these flights was during upleg, although for 33.015-33.017 the pay- The details of the analyses leading to the various profiles are discussed below. The approaches used for the X ray and electron sources are treated separately but combined along with the calculated ion pair production rates from cosmic ray fluxes [Nicolet, 1975] to produce the total deposition curves. The cosmic ray fluxes have been adjusted for site location and phase of the solar cycle. We also note that the electron energy deposition profiles were obtained in three separate ways, depending on the instrumentation available for the measurements. For the Aurorozone I series and for MAE II, we were forced to deduce elect, ron spectra (E > 150 keV) from the decrease in count rates with atmospheric penetration observed on the highest integral channel of the X ray detectors. This decrease occurred well above those altitudes expected for X ray absorption of these energies. Thus owing to the sensitivity of the detector to energetic electrons in excess of 150 keV, we deduced that the decay in count rates must be caused by absorption of energetic electrons in the atmosphere. The shape of the absorption curve allowed construction of the electron spectrum from range-energy considerations. For the Super Arcas flights in Aurorozone II, this spectrum was constructed using direct electron data from Geiger tube counters with a 40-keV threshold, providing us with a more accurate spectrum. Both of these procedures assume that during the period of descent through the region of electron absorption, the source remains nearly constant in time, which appeared to be the case based on other supporting measurements. The X ray fluxes so derived were then used to obtain the energy deposition profiles using techniques already described in detail by Barcus et al. [1981] . Briefly, at any given altitude, the fluxes measured in situ were used to generate a source function at the top of the atmosphere by correcting for atmospheric absorption upward from the measurement height. The energy spectral shape was constructed by comparing the fluxes in each of the X ray detector channels. Once the source function was derived, it was used to reconstruct the in situ measurement. The derived source function was considered correct when by a series of iterations, the original measured fluxes and those reconstructed by the source function were found to compare within satisfactory limits. An exponential shape was specified for the source function in order to conduct the above procedures. It was also assumed that the source height existed at 100 km. The actual pro- duction layer extends from about 90-to 120-km altitude, but 100 km is the approximate altitude of maximum ionization resulting from the X ray producing parent electrons and therefore a reasonable approximation for the source height.
Relativistic Electron Analysis
The in situ measurement of electron flux was provided by one of the three instruments described in the first part of this section. The details of our treatment in obtaining electron spectra are presented in the appendix. Here we summarize Table 4 lists the parameters obtained for all relativistic electron distributions measured during the four rocket programs r.eported in this work. As an example, Figure 6 depicts the spectra representing the derived parameters in Table 4 
MAE II
For the final results reported here, MAE II in Poker Flat, Alaska, during January 1982, we have used the X ray detector measurements for the evaluation of both the X ray and relativistic electron energy deposition. Figure 15 shows the energy deposition profiles produced for each of the two events. These were calculated from spectra with characteristics for the relativistic electron distributions defined in Table 4 . For the event measured on January 23 (31.025) we observed oscillations in the X ray data of the order of 2 min, during which the amplitude range for count rates was about a factor of 3. The energy deposition profiles for these data are expressed by pairs of curves for incoming X ray, relativistic electron, and total energy deposition. Once again, the anticipated large contribution to energy deposition above 70-80 km from parent electrons is not shown. The shaded region between the two total deposition curves marks the enhancement induced by nearly identical pulsations observed over the interval from 200 s to 400 s. The background energy deposition curves exhibit a weak and spectrally soft relativistic electron component but also show relatively high X ray fluxes dominating the cosmic ray background above 41 km. During the pulsations the X ray flux is observed to be boosted over the spectrum measured with some hardening, extending X ray dominance as the primary ionization source to 33 km. The relativistic electron flux (Table 4) We note that relativistic electrons were observed to precipitate in quantity for every auroral breakup or postbreakup condition studied. The only variables among events were the hardness and intensity of the energy spectrum. Also, since two of the Alaskan measurements of relativistic electrons (15.168, March 29, 1978; 31.024, January 24, 1982) occurred during a nonbreakup period when little activity was indicated from riometer or magnetometer (not shown) records, one is left to infer that such nighttime REP's could occur more frequently than is normally thought, as suggested by Thorne [1980] and Andreoil [1980] . The possible importance of such undetected events is further emphasized by our determination that the March 29 REP was the most energetic of all events studied in this work.
The Alaskan event of January 23, 1982, allowed us the rare opportunity to compare energy deposition enhancements induced by long-period auroral pulsations. This event was found to exhibit increases for both the measured X rays and relativistic electrons. The X ray spectrum, particularly during a pulsation period, was one of the hardest of any studied within these reported results.
Finally, we note that peak ion production rates in the mesosphere from relativistic electrons reached values of 100 ion pairs/cm 3 s in the mesosphere between 60 km and 80 km. downward electron spectrum dF/dE (Ztov, E) was inpu. t into the top of the atmosphere at 35 angular intervals spaced evenly between an incident polar angle of 0 rad an d n/2 rad. In the first altitude slab, Ztov replaced z. In each subsequent loweraltitude slab the atmospheric column and volume densities were updated to be consistent with the new altitude, and the electron energy E was corrected for the energy loss, G(E, 0), in the next higher-altitude slab. Such a procedure was followed to the lower altitudes until the ground was reached.
